Thirty patients undergoing radical surgery for cancer of the head and neck were subjected to deliberate hypotension (60-80 mm Hg) for an average period of 275 minutes. Ten patients undergoing surgery of similar magnitude but without controlled hypotension formed a control group. Hypotensive patients excreted significantly less urine during surgery. There were no discernible differences between groups in respect of pre-and postoperative haemoglobin levels, blood volumes, blood urea nitrogen or serum glutamic oxaloacetic transaminase values, electrocardiographic or chest radiographic appearances, or in arterial blood-gas analysis made during surgery. One death occurred in the hypotensive group. The authors conclude that more sensitive indices than those utilized are necessary to assess adequacy of perfusion during deliberate hypotension.
The use of controlled hypotension in the operating room has been advocated by some surgeons and anaesthetists (Enderby, 1958) and criticized by others (Hampton and Little, 1953; Gillies, 1952) . The principal alleged advantage is the reduction in operative blood loss, with a subsequent saving of operative time. Lowered transfusion requirements mean a lessened risk of serum hepatitis and transfusion reactions. Other, but less convincing, benefits reported include: the reduced anaesthetic requirements at a low arterial pressure and, therefore, a lighter feasible plane of anaesthesia; rapid recovery time, with improved well-being of the patient postoperatively (Larson, 1964) .
The present study was undertaken to determine if physiological trespass exists during controlled hypotension. Clinical studies assessing the possible cost of controlled hypotension to the patient have been meagre, and have not answered the question: "Is tissue perfusion compromised by prolonged hypotension?" Our objective was not to determine savings in operative time and blood loss; rather, we were interested in evaluating possible deleterious effects.
METHODS
Subjects were thirty otherwise healthy patients, ranging in age from 9 to 70 years (average 51.3), who were scheduled for extensive head and neck surgery. Almost all underwent radical resection for cancer. The operations performed are listed in table I. Ten patients, varying in age from 41 to 83 years (average 62.4), who were undergoing surgery of approximately equal magnitude, formed a control group for purposes of comparison.
Pre-operative studies on all patients consisted of the following: complete blood count, haematocrit, urinalysis, blood urea nitrogen, blood volume (RISA method), electrocardiogram, and chest radiography. Serum glutamic oxaloacetic transaminase (s.g.o.t.) and bromsulphthalein (BSP) determinations were added to the protocol midway in the series, to help assess the effects of hypotension on coronary and hepatic perfusion. All studies were repeated on the first postoperative day and, as indicated, clinically thereafter. Premedication consisted of morphine, pentobarbitone, and hyoscine. A femoral artery was cannulated to record direct arterial pressure and to collect arterial blood samples. To obtain central venous samples, we catheterized the right atrium via a median antecubital vein, using the electrocardiographic method (Richards and Freeman, 1964) . The electrocardiogram and central venous pressure were monitored continuously. The urinary bladder was catheterized and the urinary output was measured hourly during surgery, and for 24 hours postoperatively. Rectal temperature was monitored with a thermistor probe. Patients lay supine on a Thermorite blanket, which was maintained at 98-100°F during surgery. We instituted deliberate hypotension at the time of the surgical incision and maintained it until the surgical specimen was removed, after which blood pressure was allowed to return gradually to normal. Our objective was to maintain the systolic arterial pressure (femoral) between 60-80 mm Hg. We produced hypotension in one of two ways:
(1) Group A (19 patients) received trimetaphan (Arfonad) intravenously against an anaesthetic background of nitrous oxide plus thiopentone or 0.5 per cent halothane. Two patients in this group also received tubocurarine.
(2) Group B (11 patients) was made hypotensive using inhalation agents only. Eight of these eleven patients were anaesthetized with halothane and oxygen only. The other three received halothane, nitrous oxide and oxygen. Halothane administered via a Fluotec vaporizer, using flow rates of 5 l./min and a circle absorption system in all cases. Halothane concentrations of 1.5-2.0 per cent were usually required to maintain blood pressure within the desired 60-80 mm Hg range.
We anaesthetized the patients in the control series with nitrous oxide, halothane and oxygen only. Systolic blood pressure was maintained at 90 mm Hg or above at all times, by either reducing anaesthetic concentrations, OT by expanding circulating volume. No vasopressors were used to support blood pressure, but blood volume was augmented with whole blood or Hartmann's solution, if systolic blood pressure approached 90 mm Hg.
In both groups, blood loss was assessed frequently and replaced, volume for volume, with whole blood. Modified lactated Ringer solution and 5 per cent dextrose in water were administered as was deemed necessary for other fluid needs.
Arterial and right atrial blood samples were collected every 30 minutes during periods of hypotension, and every 60 minutes at other times. These were analyzed for oxygen saturation, using an American Optical oximeter. Pao,, Pacoa, Pvoj, PVCOJJ arterial and venous pH were determined with an Instrumentation Laboratories 113 electrode system. Ventilation was controlled manually or mechanically during all periods of hypotension to compensate for the increased physiological deadspace occurring with induced hypotension (Eckenhoff ct aL, 1963) . Arterial Pco, levels were maintained at approximately 30 mm Hg to obviate possible deleterious effects of severe hypocarbia upon cerebral blood flow (Wollman et al., 1965) . Anaesthesia and surgery were carried out by resident physicians under staff supervision.
RESULTS
One death occurred postoperatively in the hypotensive series leading to an over-all mortality rate of 3.3 per cent (use of the Fisher exact test showed no significant difference in the two groups with respect to mortality rate). We believe this death probably was due to the effects of prolonged hypotension, and the case is presented in detail (see Complications). There were no deaths in the control group. The mean values for all observations are presented in table II.
The average duration of deliberate hypotension was 275 minutes. A comparison of the main values from all thirty hypotensive patients with those of the ten patients in the control groups, by analysis of variance, revealed surprisingly few differences. The postoperative haematocrit was slightly, but significantly, lower (P=0.05) in the hypotensive group. This is of doubtful importance for two reasons: (1) there were no significant differences in postoperative haemoglobin and blood volume determinations, which were remarkably similar to pre-operative values; (2) inasmuch as 39 tests of significance were carried out, it would be expected that one or two would show significance on the basis of chance alone.
There were no statistically significant differences between hypotensive and normotensive cases from the standpoint of pre-and postoperative blood-gas analysis, haemoglobin levels, blood volume, blood urea nitrogen, s.g.o.t. and bromsulphthalein determinations, the volume of fluids administered during surgery, estimated blood loss, surgical time, or anaesthesia time (see Discussion). Pre-and postoperative electrocardiograms and chest radiographs were unchanged in both groups.
There was only one clear-cut difference between hypotensive and control cases. Urinary output during surgery was significantly less in the hypotensive group. Average urinary output was 14.2 ml/hr for the hypotensive group, whereas control cases excreted 24.2 ml/hr. In the 24-hour postoperative period there was no statistically significant difference between groups from the standpoint of urinary volume.
We compared the results from all patients made hypotensive with trimetaphan (Group A) with those from patients rendered hypotensive with inhalation agents only (Group B). No statistically significant advantage could be demonstrated for either regime. An analysis of variance showed no significant difference in respect to blood loss, surgical time, anaesthesia time, haemoglobin level, haematocrit, blood volume, blood urea nitrogen, s.g.o.t., bromsulphthalein, fluids administered, or urinary output. We believe, however, that production of deliberate hypotension with halothane and oxygen alone has clinical advantages over intravenous methods (see Discussion).
Complications.
There was one death in the hypotensive series, the operative mortality rate being 3.3 per cent. In retrospect, this fatality probably represented an error in judgement in persisting with anaesthesia and induced hypotension.
The patient was a 61-year-old white male with carcinoma of the floor of the mouth who was scheduled for partial mandibulectomy, pharyngectomy, and radical neck dissection.
He was thought to be in otherwise good health. All pre-operative studies were within normal limits. Following induction of anaesthesia with thiopentone (175 mg) and injection of tubocurarine (30 mg), his arterial pressure was unobtainable for approximately 2 minutes. It is likely that coronary and cerebral perfusion were impaired at this time. Blood pressure returned promptly to satisfactory levels after intravenous injection of ephedrine 20 mg. We elected to continue the case as scheduled, using nitrous oxide, oxygen, tubocurarine and trimetaphan. It proved difficult to maintain a steady level of hypotension. "Overshoot" occurred several times and arterial pressure fell to 30/20 mm Hg on one occasion. A total of 1500 mg trimetaphan was used over a period of 5 hours. The total dose of tubocurarine was 60 mg.
In spite of the difficulties encountered in maintaining a stable blood pressure, his condition was considered satisfactory throughout surgery. Electrocardiographic appearances and central venous pressure remained within normal limits at all times. Arterial oxygen saturation remained at 100 per cent. The Pao, was never less than 88 mm Hg.
At the conclusion of surgery 7 hours later, the patient was apnoeic and unresponsive. Neostigmine 5 mg, given in divided doses, failed to reverse the nruromuscular blockade, as judged by a Blockaid monitor. The pupils were dilated and non-reactive to light. Rectal temperature was 32 *C. The electrocardiogram showed normal sinus rhythm. The blood pressure was 85/60 mm Hg and over the next 2 hours this gradually returned to 100/70 mm Hg. An e.e.g. revested fast activity, thought to be consistent with a normal pattern. Mannitol was administered intravenously to facilitate diuresis and excretion of tubocurarine. Mechanical ventilation was employed for 4 hours, at which time spontaneous ventilation was judged to be adequate. Approximately 2 hours later, h: regained consciousness for a brief period, and then lapsed back into a coma. Subsequent electrocardiography showed evidence of myocardial infarction and bursts of ventricular tachycardia. A neurological consultant believed that brain stem infarction was likely. The patient expired 30 hours postoperativcly. Permission for an autopsy was denied.
The combination of trimetaphan and tubocurarine in this case was probably an unwise choice. Trimetaphan and tubocurarine are both partially dependent upon renal excretion (Goodman and Gilman, 1965) . Urinary output during surgery averaged 2 ml/hr. It is likely that plasma levels of both drugs were elevated significantly at the end of the case, leading to persistent hypotension and curarization. We cannot state that the choice of agents or technique was responsible for this patient's death, but circumstantial evidence is strong. Apparendy, coronary and cerebral perfusion were compromised during the period of prolonged hypotensive anaesthesia. The severe hypotension which occurred during induction might have been a significant factor. Ordinarily, we would not expect evidence of both myocardial and brain stem infarction following such a transient episode of hypotension. The most disturbing facet was that none of our intra-operative measurements showed any deviation from normal values.
All other cases in the hypotensive series progressed well in the postoperative period. The only other complications observed were thermal burns on a buttock of one patient and on the back of another. These responded satisfactorily to conservative treatment. It appears that the use of a warming blanket, combined with prolonged hypotension, is potentially dangerous. Cutaneous pressure points are vulnerable to thermal bums in this situation.
One patient in the control series developed supraventricular tachycardia in the immediate postoperative period. Digjtalization corrected this arrhythmia readily.
We cannot say that recovery was more prompt in the hypotensive group, because all patients, with the exception of the patient who died, appeared to recover progressively and equally well.
DISCUSSION
All cases demonstrated the effects of prolonged anaesthesia and surgery. Postoperative blood urea nitrogen and s.g.o.t. values rose, almost uniformly, in moderate degrees. Postoperative bromsulphthalein values were elevated strikingly in some cases, as high as 40 per cent in one control patient, but mean values for the three tests were comparable in both hypotensive and control groups. We believe that any patient anaesthetized for periods of up to 14 hours could be expeaed to show evidence of end-organ depression, regardless of anaesthetic agent or technique. An impressive aspect of these cases was the rapidity of recovery. Almost all patients in both groups were ambulatory on the first postoperative day and showed prompt return of biochemical parameters.
Our data showsd only one distinct difference between hypotensive and normotensive groups: urinary output was significantly reduced in the hypotensive group only, during surgery. Postoperative diuresis was similar to that of the normotensive group.
Initially, it was our hope that right atrial bloodgas analyses would prove to be useful guides to adequacy of perfusion during deliberate hypotension. Clinically, no differences were found between hypotensive and normotensive patients in this regard. Arterial oxygen saturations were never less than 97 per cent in any case. Venous oxygen values occasionally fell to levels considered undesirable (Pv Os <40 mm Hg; <60 per cent saturation). This seldom occurred more than once during any case, and was a sporadic observation in both groups. We could not relate this infrequent finding to the arterial blood pressure level.
It appears that we must seek additional criteria for assessing adequacy of perfusion during deliberate hypotension. Analysis of renal enzymes may represent one possibility. Data collected from patients undergoing anaesthesia and surgery showed marked elevations of urinary renal enzyme excretion (Mason et al., 1964) . Leucine amino peptidase (LAP), an enzyme found in the microvilli of renal cells in juxtaposition to the lumen of renal tubule, allegedly escapes into the urine when the kidney is subjected to mild ischaemia. If this is so, then LAP is a sensitive index of renal ischaemia and should prove of value in assessing renal perfusion during anaesthesia and surgery. Additional studies need to be carried out in order to delineate this concept more precisely.
The "excess lactate" concept (Huckabee, 1958 ) offers another possible means of evaluating perfusion during deliberate hypotension. While elevation of "excess lactate" has been demonstrated in experimental haemorrhagic shock (Cain and Connolly, 1967) , studies involving normovolaemic hypotension have been fragmentary and inconclusive. Criticisms of this concept (Olson, 1963 ) pose many problems in the interpretation of such potential data. Nevertheless, useful information might result. An intriguing example was the observation that the lactate: pyruvate ratio in arterial blood increased unless Pao 2 was kept above 300 mm Hg during profound hypotension (Robinson, 1967) . Such studies need to be expanded.
We could not demonstrate any statistical advantages of using either method of attaining deliberate hypotension, i.e., trimetaphan versus halothane. From a clinical standpoint, however, it was considerably easier to maintain a hypotensive state using halothane and oxygen alone, and we agree with other investigators (Robinson, 1967) that it is preferable to the use of intravenous ganglionic blocking agents. In spite of meticulous control of trimetaphan infusions, a steady state is often difficult to achieve, especially when brisk operative bleeding rapidly alters circulating blood volume. Ready reversibility of inhalation agents, such as halothane, greatly facilitates the control of blood pressure at desired levels.
The average total anaesthetic time was 408.5 minutes for the hypotension series, and 455 minutes for the control group. The average surgical time was 365.7 minutes for hypotensive cases, and 416 minutes for controls. These differences were not statistically significant. Because it was not feasible to match precisely surgical procedures, statistical interpretation of time factors must be cautious. An additional variant of probable importance is that all operations were not performed by the same surgical team.
Clinically, it appeared that blood loss and transfusion requirements were less in the hypotensive group, but we could not demonstrate this statistically. Control cases received approximately 1000 ml more blood than hypotensive cases. Lack of statistical significance here might be a function of our small sample size. The same factors which necessitate guarded interpretation of time factors must be applied to transfusion data.
